We describe asymptomatic piroplasmosis caused by a Babesia microti-like parasite in wild raccoon dogs (Nyctereutes procyonoides) diagnosed by blood smear and DNA analysis. This is the first description of natural B. microti-like parasite infection in raccoon dogs and suggests that the wild raccoon dog can be a source for B. microti-like parasite infection of domestic dogs and humans.
Babesiosis, a well-known disease of domestic animals, has gained increased attention as an emerging zoonotic disease (Kjemtrup and Conrad, 2000) . Although Babesia microti has been considered a common parasite of Holarctic rodents (Goethert and Telford, 2003) , human and canine infections have been reported worldwide (Van Peenen et al., 1977; Shih et al., 1997; Guerrant et al., 1999; Camacho et al., 2001 Camacho et al., , 2004 Tsuji et al., 2001) . We provide the first report of spontaneous B. microti-like parasite infection in wild raccoon dogs (Nyctereutes procyonoides). Infection was diagnosed by blood smear and DNA analysis.
In December 2008 a wild raccoon dog captured by a local rescue party on a roadside in a downtown area in Chungbuk province, South Korea, was referred to the Veterinary Medical Center of Chungbuk National University. The raccoon dog was emaciated and severely lethargic. With the exception of severe tick infestation, no other abnormal physical symptoms were present. Peripheral blood was collected from the cephalic vein and submitted for complete blood count (CBC), serum biochemistry, and blood smear examination. CBC and serum biochemistry showed no significant abnormalities. However, the Giemsa-stained blood smear revealed intraerythrocytic parasites in a ring formation in ,1% of mature red blood cells, leading to a diagnosis of piroplasmosis. The animal was hospitalized and received intravenous fluids. Atovaquone (13.3 mg/kg, MalaroneH) and azithromycin (10 mg/kg, ZITHROMAXH) were administrated orally twice a day. After 7 days, a similar degree of parasitemia was still evident in blood smears. The animal was then treated with diminazene aceturate by intramuscular injection once a day for 2 days (3.5 mg/kg, BerenilH). After 2 wk, the parasite was no longer detected in blood smears.
The intraerythrocytic parasites in the blood smears were identified by molecular typing. We also examined peripheral blood samples that had been previously collected from 13 additional wild raccoon dogs and stored at 220 C. Identification of parasites was accomplished by amplification of the 18S ribosomal RNA genes using the primers RIB-19 and RIB-20, which amplify a common sequence of the 18S rRNA gene from the genus Babesia (Zahler et al., 2000) . Two of the 13 samples yielded PCR products amplified by the RIB-19 and RIB-20 primers. All amplicons were sequenced using an ABI PRISM TM BigDye TM Terminator Cycle Sequencing Ready Reaction Kit V.3.1 (PE Applied Biosystems, Foster City, California, USA). Two of the amplicons were 99% similar to a B. microti sequence deposited in GenBank by the Centers for Disease Control and Prevention (GenBank accession number AY534602), and one amplicon was 99% similar to a B. microti sequence deposited by Oklahoma State University (GenBank accession number EU583387). The three isolated B. microti-like parasites from wild raccoon dogs shared 99% similarity. The 18S ribosomal RNA gene sequences i have been deposited in GenBank under accession numbers FJ645726, FJ645725, and FJ654660.
Babesiosis is a tick-borne disease caused by the genus Babesia (Camacho et al., 2002) . Traditionally, B. canis and B. gibsoni have been considered the two causative species of canine babesiosis (Cacciò et al., 2002) . Recently a new B. microti-like species (designated Theileria annae) was shown to induce clinical signs in dogs (Zahler et al., 2000) . In South Korea, only B. gibsoni has been associated with infection in dogs (Lee et al., 1998) . Babesia microti-infected ixodid ticks act as a vector for the parasite when they take blood from a host (Kjemtrup and Conrad, 2000) . Several species of wild animals, such as raccoons (genus Procyon), red foxes (genus Vulpes), skunks (genus Mephitis), and white-tailed deer (Odocoileus virginianus), are important for the survival and maintenance of ticks (Piesman et al., 1979; Wilson et al., 1988; Kawabuchi et al., 2005) .
There is a large population of wild raccoon dogs in East Asia. In South Korea raccoon dogs are commonly sighted, even in urban areas, and usually in contact with humans or domestic animals. These raccoon dogs typically experience tick infestation in all seasons. In our study the tick removed from the raccoon dog was identified as Haemaphysalis leporispalustris by analyzing the sequence of 28S ribosomal RNA gene (Inokuma et al., 2003) . Babesia microti-like parasite infection was identified in 21% of samples (3/14) examined by DNA analysis and phylogenetic analysis (Fig. 1) . This suggests that B. microti-like parasite infection is present throughout the wild raccoon dog population in this area, and that the raccoon dog may act as a reservoir of B. microti-like parasite-infected ixodid ticks in this area.
Following fluid and antibabesial therapy and nutritional supplementation, the raccoon dog recovered normal activity, and no further clinical symptoms were observed on physical examination. Even while visibly ill, CBC and serum biochemistry showed no evidence of babesiosus (hemolysis, reduced hematocrit, or thrombocytopenia). In South Korea, emaciated Babesia microti is classified into three clades based on the genetic divergence of 18S rRNA gene (Goethert and Telford, 2003) . According to this classification, the parasites from carnivores, which are clustered with those from rodents, belong to clade 2 (Goethert and Telford, 2003) . The parasites that cause fulminating disease in Spanish dogs are included in this clade (Zahler et al., 2000; Camacho et al., 2001; Goethert and Telford, 2003) . In our study the parasites isolated from the raccoon dogs belong to clade 2, and they are highly similar to the parasites identified in Spanish dogs (Fig. 1) . Both raccoon dogs and domestic dogs belong to the family Canidae, and raccoons belong to the Procyonidae. Dogs and raccoon dogs share several features, including susceptibility to various diseases (Mainka et al., 1994; Matsubayashi et al., 2004) . Considering the direct contact between wild raccoon dogs and domestic dogs in South Korea, one can hypothesize that wild raccoon dogs can transfer B. microti-like parasite-infected ixodid ticks to domestic dogs. The prevalence of B. microti-like parasite infection in wild raccoon dogs should be investigated in order to assess this potential threat to public health.
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